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This main goal was to test Principal Components & Classification Analysis (PC&CA), an 
exploratory multivariate technique, for FRAP capacity evaluation of Romanian permanent 
grassland forages depending on fertilization: organic or mineral. The vegetal samples were 
harvested in the middle of June from hill grassland of Caras-Severin. Seven cases and fifteen 
variables were chosen for the multivariate data matrix. PC&CA offered the possibility to 
differentiate between organic fertilized cases from those fertilized exclusive mineral or 
unfertilized. The highest positive correlation coefficients for FRAP capacity were found for 
the two species from others botanical family, Inula britannica and Rosa canina. PC&CA can 
be considered a useful and flexible statistic instrument to evaluate the FRAP capacity of the 




Principal components analysis is a multivariate technique used to obtain few artificial 
variables as principal components based on a high number of correlated characteristics, for 
extract and make accessible important information about the complex process [1, 2, 3, 4, 5, 6, 
7]. In this study it was chosen a real-case for test the facilities offered by PC&CA: the data of 
the perennial forages FRAP capacity, soil, fertilization and the presence of some plants species 
in grassland covering from Caras-Severin. Why FRAP capacity of the plants from grassland? 
Because perennial forages offer the opportunity to obtain functional feed for animals with 
minimum investment, cheaper then others sources, with high benefic impact on animal’s 
health.  
FRAP capacity of plants is related to antioxidant compounds which can reduce the free 
radicals, responsible for many chronic diseases in human’s organism [8, 9, 10]. The food 
safety and quality are influenced by the feed safety and quality. That’s way it is important to 
identify parameters easy to monitor, rapid and with low cost, which can give relevant 
information on the quality of agricultural products used as feed and raw matter in food 
industry or for direct human consume. FRAP capacity of perennial forages can be in the future 
a parameter of feed quality, determined as routine.   
         
Experimental 
The quantitative characteristics of fifteen variables of the seven cases (one unfertilized and six 
fertilized) were used as PC&CA data matrix fitted by StatSoft - STATISTICA version 10. The 
vegetal (perennial grassland forages) and soil samples were harvested in the middle of June 
2009. The location was N: 45
o
12’ latitude; E: 21
o
60’ longitude. Calcic Luvisol and temperate 
continental with Mediterranean influences clime characterized the studied permanent 
grassland ecosystem. The grassland was fertilized since 2003 as experimental field with five 




replications for each case. One case was kept in unfertilized ecosystem conditions (M) and six 
cases were fertilized. Fermented sheep manure was chosen for organic fertilization cases (O1, 
O2, O3) with doses varied between 20-60 t/ha, being applied at each two years. The mineral 
nitrogen fertilizer varied between 100-200kg/ha in M1, M2 and M3 cases, on a constant doses 
of potassium and phosphorus (50kg/ha), applied yearly. The 200 kg/ha of mineral nitrogen 
were applied in two steps.   
The active variables of PC&CA matrix were fourteen: soil pH, soil humus (%), soil total 
nitrogen content (%), organic and mineral nitrogen fertilization data, gravimetric percents of 
grassland forages for Calamagrostis epigejos (Ce), Festuca rupicola (Fr), Poa pratensis (Pp), 
Lathyrus pratensis (Lp), Trifolium repens (Tr), Inula britannica (Ib), Filipendula vulgaris 
(Fv), Rosa canina (Rc) and Galium verum (Gv). One supplementary variable was used: the 
FRAP capacity of perennial forages of the seven grassland cases (*FRAP).  
Soil pH was quantified respecting the SR ISO 10390/1999 [11]. The soil humus was 
determined by Walklay – Black – Gogoaşă method [12]. The soil total nitrogen content was 
measured by Kjeldahl method [13]. The grassland floristic composition was established 
gravimetric (%). FRAP capacity of perennial forages was estimated quantitatively by FRAP 
method [14], using ethanol extracts (70%) diluted 1/20 and TPTZ reagent (tripiridil-triazine). 
The absorbance was read at 593 nm.    
 
Results and discussion 
The data acquired for the Calcic Luvisol pH varied in 5.4 – 6.0 range. The humus values were 
between 6.2% and 9.0%. Total nitrogen content of hill grassland soil was in 0.23 – 0.31% 
range. The recorded data for gravimetric percent of Calamagrostis epigejos (Ce) in grassland 
covering were between 5% and 13%, higher in mineral nitrogen fertilization cases (M1, M2, 
M3). Festuca rupicola (Fr) was present in 16 – 46% range, also with the highest values in the 
mineral nitrogen fertilization cases. Poa pratensis (Pp) gravimetric percents were under 5%. 
Lathyrus pratensis (Lp) was present in grassland forages under 6%, higher in organic 
fertilization cases (O2, O3), while Trifolium repens (Tr) was under 38%, the highest in O3 (the 
fertilization case with the highest dose of fermented sheep manure). The others two organic 
fertilization cases (O1 and O2) had also high quantity of Trifolium repens, varied in 25-27% 
range. The species from others diverse species as Inula britannica (Ib), Filipendula vulgaris 
(Fv), Rosa canina (Rc) and Galium verum (Gv) were under 5%, 9%, 18%, and respectively 
7%. All these recorded data were introduced in multivariate data matrix as active variables. 
The FRAP capacity of the perennial grassland forages of the seven studied cases 
(supplementary variable) was in 122 – 278 µM Fe
2+
/g range. The projections on the PC1xPC2 
plan of the seven studied cases and of the fifteen variables are presented in Figure 1, 
respectively in Figure 2: 





































Figure 1. The projection of the seven studied cases on the PC1xPC2 plan 
 
Figure 2. The projection of the fifteen variables on the PC1xPC2 plan 
 
The PC&CA model was described 100% by six principal components. First three principal 
components had the eigenvalues higher than 1: 7.7 (PC1), 4.2 (PC2) and 1.3 (PC3). PC1 and 
PC2 described more than 85% of the PC&CA variance.  
There were some variables which had a high positive influence on first principal component 
(PC1): the presence in permanent grassland forages of Calamagrostis epigejos (0.74), Festuca 




rupicola (0.94), Poa pratensis (0.87), Galium verum (0.81) and mineral nitrogen fertilization 
data (0.86). A high negative influence on PC1 had soil pH (-0.99), Lathyrus pratensis (-0.85), 
Trifolium repens (-0.93), and the organic fertilization data (-0.93). In the second principal 
component (PC2) the highest positive influence had humus (0.73) and total nitrogen content 
(0.88) soil parameters. Filipendula vulgaris and Rosa canina had the highest negative impact 
on PC2: -0.91, respectively -0.75.  
Projecting the seven cases of perennial forages harvested from the hill grassland on PC1xPC2 
plan (Figure 1), it can be observed that mineral nitrogen fertilization trials were grouped 
distinctively (M1, M2 and M3). On the opposite side were grouped the forages from the trials 
fertilized with the highest doses of fermented sheep manure (O2 and O3). The smallest dose of 
fermented sheep manure (20t/ha) application differentiate the grassland ecosystem parameters 
of O2 from the others. 
Figure 2 and the correlations of data matrix have shown that in the experimental field 
conditions of studied permanent grassland, Lathyrus pratensis and Trifolium repens had the 
highest presence in the fermented sheep manure application cases, the coefficients being 0.95, 
respectively 0.96, while in mineral nitrogen fertilization cases the coefficients were 
negatively: -0.50, respectively -0.68. The correlation between organic fertilization data and the 
Galium verum presence (%) had also a negative coefficient (-0.57). In mineral fertilization 
cases the Poaceae species were dominants, heaving high positive correlation coefficients: 0.88 
for Calamagrostis epigejos, 0.68 for Festuca rupicola and 0.94 for Poa pratensis. Galium 
verum was also influenced significant positively by mineral fertilization, the correlation 
coefficient being 0.96. Trifolium repens was correlated negatively with mineral fertilization, 
the coefficient was -0.68. Between supplementary variable *FRAP capacity of perennial 
forages and the gravimetric percents of Inula britannica and Rosa canina the correlation 
coefficients were positive in this period of the year: 0.35, respectively 0.31. 
 
Conclusion 
PC&CA can be a flexible statistic tool to monitor the FRAP capacity of the grassland forage in 
the middle of June, depending on fertilization. Using this exploratory multivariate technique 
and the selected active and supplementary variables, it was possible to discriminate between 
organic fertilized trials (cases) from those fertilized exclusive mineral or unfertilized. It was 
possible also to highlight the correlations between fertilization data and the presence of 
different plants species responsible for the FRAP capacity in the middle of June, in soil-
climatic conditions of experimental field from Caras-Severin hill. Organic fertilizer influenced 
the presence of Lathyrus pratensis (0.95) and Trifolium repens (0.96). Mineral fertilization 
had positive influence on the distribution of Calamagrostis epigejos (0.88), Festuca rupicola 
(0.68), Poa pratensis (0.94) and Galium verum (0.96). FRAP capacity of permanent grassland 
forages had positive correlation coefficients for Inula britannica (0.35) and Rosa canina 
(0.31).          
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